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This report suawsrizes the reswmlrs on the cherscterisstios
of selected prepolymers wicth cespect to functicoality sed fwactiosalicy
disiriburion axd the effect of fuscrivaaliry on mechmical propercien of
gomstocks crrvied out umder Comtract Bo. FO&611-64-C-0046. These
studies commtitute 3 conticuation of the wurlk carried owt mafer
Coatrac® Ko. FOSGLI-67-C-00r2, “Punctionality teterwinatios of Bisler
Prepolyme:s.” The program consisted of twoe phases. Phave 1 comprises
the adaptation amd application of amaivtical sethods developed umder
Comtract PO&611-67-C-0012 to other prepoiymers. it zlso provides direct
service and support functioms £o existing solid prosellamt developmant
programs. Phase [! imvolves the scale~wp of the fractiomstioa procedure
of prepclymers into pure difemctional asd momofomctional comporents and
a study of the effect of sxmofwsctionzlicy oo the mechaaical projerties
of the ctured bimder.

Specific studies relating to Sheil’s P-BEP prepoiyaer bere
already besa published im 2 comfidenmtial report eatirled "P-BEP Cure
Studies ,” AFEPL-TD-69-179.

The program was spossored by the Air Porce Bocket Propulsios
Laboratory, Birectorate of Laboratories, Air Force Systeas Command .
Edvards, Califorxzia and the program ves admisistered by Captain ERaymound
Fosc—re and Dr. James Troost. The wurk reported was doae im the
GCoverument Researck laboratory of the Esso Research and Esgiacering
Conspamzy , Linden, New Jersey.

Aasearch was carvied out by Hr. A. B. Mcenker with smulyctical
swpport by Dr. B. E. Budson. The pruject was under the supervisiom of
Dr. D. Grafstein, Progras Manager.

This techmical report has becn reviewed amd is _pprowed.

V. §. Belke, Colom]l, USAF
hief, Propellant Divigion
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ABSTRACT

Fumctionality smd functiomslity distribwrion measwroments have
boek csrried omt on six ifferest polytutadiene prepolysers coatzioning
bydroxy or carbory femctionality which are cirrently of icterest to the
Alr Porce. The specific prepolymers are: Sioclair’s Poly 3k B-45%
and 158, bydroxy-fmmciionnl butadieme bowopolymers prepazed by free
radical polywerization and Cemexrsl Tire'’s Yelagea prepolycer series,
preparet by amicsic pelymerizarioce. T Yelageo prepolymer series comprises
the fellowing polmers: the O-Telagen (oominal Me~5000) and irs low {
moleculay weight (We=2000), sstusated commterpaxt, O8-Telagen-S, and the
corvesponiing cartory-fusctionil smalogwes, COCH-Telages and OD0E-Telagen-S.

Hamiber 2verage welecnlar weight mrasuremests of three different
jote of the R— 3% prepolywer showed liztle batch to batch wariacios.
Paniiiosality disetridaiics neasursmeents were cbtzined by clutios chromsto-
grophy om activated silica gel. The difuncriowal comntent was found o
be spproximately 40 to 45 =t I with 2 noninal wolecmlar seight of &I00, the
reusinder (5560 wr X) ketag rrifunctiomal with a cowminsl moleculsr wefzht
of GD. ALl three lots of the R-4°M hsve comsisteatly shown this
dependence of functicasliCy o molecular veight. Tae fumctfomslicy
distriboticnof tin B-15M vas foumd to be simflar to that of the R-45M,
comtuinimg more than S0 we T triol. Ia comtrast to Sinclair’'s R-45K and
215 prepolyuers wbich are composed of 4i- aad trifunctiomal components,
the Telagen propolyecrs coataia wom-, woas— and dfcectiomsl prepolywers.
The taxal moe- saod mnacfuactioanl comtent of the four Telsgea pregpolymers
which were saclyzed varicd from 24 to 32 wr I, the bulk of which is
saoef o Tione: .

A sample of Eocketdyme's P-GDEFE prepolyser, lot EII-68, uas
~avpcterissd with respect to functiomsliry distribution and fowmd to> comtsin
12 vo ISl sosofumcticasl, 45 to SOT difwmctional and 35 to 402 trifuncrional
prepuipaer. Feactiomslicty distribatice scasurements of W'z sew perflvoro-
alkylene oxide prepolymar, PCI202 showed the preseace of 3-51 momfumctional
and 9% scsofwacticec]l prepolymer, the remminder beisg difunctiocwal.

Pochmicsl properties of a gemetock prepared fros a pure difumctiocal
B--golybe sdiene prepolyssr Save Yeexn obtaised over 2 temperature Temge of
~45°F to 180°F. The effect of maofeecticnss]l prepclymer .vateat on gemstock
propertie: has boen quamtitatively defimnd.
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I. IMNYRODOCTICR

Dedex o previows Comtract (PO4611-47-C-0012), Exeo Sesesxrch and
Exgimeering Co. develeoped andfor refined asd evalmated test mcthods for dsten-
uining solecnlar weight, eguivelisat weight, fesnctiomality, foactiosality
distribution and wolecnlar weight distribution of selected sclid propellsat
bisder prepolymers (1.

Moot siguificantly a2 method wis developed which can deteruine
the fuactionality distribution of bisder prepolymers. The oethod is based
o the adsorption of prepolymer oo activated silica gel amd subsoguent
selective descrption by stepwise elution wsing solwert mixtures of
srogressively greater elutiom dower. This technique cam effectively separate
prepolymets ioto mor—, momo~-, di- amd polyfumctional comwcaents.

The ability to deceruime the functiomality discributios of prepolymers
md to separale prepolymers into nom—, momo- sed difesctionzl prepolymers
is a prerequisite ia stulying the effect of fumcriomalticy distridmtios oa
binder aad propellaat mechamical properties. It opems wp sew sreas of
binder studies such as the establistment of the relatioeship between sech-
amical pr , .rties and moncfumctiocnal prepolyser ctatzat. Sech experimemtal
investigat’ous were hitherzo imaccessible becamse of lack of appropriate
analycical techmiques.

Theoretical considerations predict tha: momofuactiomal prepolymer
ompoacuts vili sericusiy affect the mechamical properties of the pruopellsat
s13ce nomofwactiomal polywer chains will act a8 chain termimators durisg
the cure process amd heace {sterfere with tle formstios of a large polymer
stk meeded to impart good mechasical properties to the propellamt.

The level of momofunctional polymer at which sechaaical properties will
seriowsly drop coff had mot been defined wod zood qumtitstive data were
oeaded. The effect of acafwscrionsl polyser componcats om outwed bimder
properites was ool determioed. Noofwumctions! prepolymer compeazats cammol
participat: im the cure process aad will therefore morely act as high
molecnlar wright plmsticirers.

Prvpolymer composition particularly with respsct to fwactiosality
distribution ras long been neglected as a quality pur_meter ix the oprimizatiom
of solid prope. imet me-hamical properites. Phase I1 of this progrms e resemts
am imftial sta desigoed to fill this gap. It has establisbod s relstion-
ship detween fuaxtiocoality, specifically moecofumctional prepolymer comtemt,
apd binder mrchaical properites. It has also defimed the optimom mechesical
properties of a purely difumctionsl polybutadieme prepolymer. All stedies
ouder this program vewe been resiricted to the gomstock. ¥o prepellsat
formulstion cimdier vere nmde.

T Wi v

(1) Functiomality Determinatiown >f Bimder Prepolymers, Fimal Repoce,
October 196t-Scptender 1968, AFRPL-TR-68-237, A. H. Nueoker
and 2. E. Badsonu, Exso Resexrch and Baginecering Co.
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II. OBJECYIVE

The abjective of this program is to continaee the develocpment
of methods for the characrerizstiom of selected prepolymers with respect
to feictisaslity and foxctiomality distributisa sad ro detormine ke
velatiopship hetveen gaawmitock sechacical progerties ssd fuacriomality,
specificaily soeofeactional prepolymer comtemt.

The progrxs comsisted of two phases:

Pisse | entails resesrch aimed at extending amd adspting

stalytical ssthods deweloped sader Contract POS611-67-C-0012
20 mew clamses of prepolymers of imteres® to the Air Force.

Phese X1 involves ia part ocptimizsricn and scale-wp of the
fracticmation procedu-- to obtaim larger quamtities of pure difexctrional
and msofeactionsl prepolveers. Owstock forwml-tions employissg pare
difenctionzl polyser exclusively sad wish varying saowmts of somsfumcticnszl
mstarisl wvere mdde to sssess the gemeral effect of fusctiomelivy
distribution oo mechumicel propercies. In addition, govestock formmlatiows
stilizing pure difunctional material rsere compered with those enploying
the belk polyser.
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I1I. SOERY

This repoxi discemoes famcciomeliry sed femcticsmlity
distribarion weesuressuts of biwiex prepolynors currestly off
interest to the Air Forse. The offaect of swecfasticeal prupelywus
coatent on wechsaical propertise was ¢xploved sad the mschenfical
rroperties of gwastocks pregexed from a pure difenctiocmsl WO-
po iybutodiewe prepolymer were defived. Thix is the fimsl report
on Costract Bo. FOAS11-89-C-0046 and covers the period Februwary 3,
1965 through FPalrucry 2, 1970. All stwdies relatisg to Shell’s P-UEP
prepolymer have Deen susmorized in AFEPL-YR-E9-179, entitied "P-REP
Cure Studies.”™

A total of aight diffesest prepolymers were charactexized with
respect to tuectiosalicty aad femctionality distribetion. All are iow
molecuiar weight, liquid pclybutadiemaz costaimimg bydvoxy or carboexy
furctiomality.

Siaclair wsrodoces o hydroxy-fuccticasl butadieee boxopolywers
ubick are dusignated Poly B5-D R—4°M and R-15M respectively. The B-15M
prepolymer has s sowenbat higher moleculsr weight thas the B-45M. Isnterest
in these progolymers stems from Dox facts: (1) their low cost (48 to 54 ceats/
pound) and taeir reporredly high overall fumcciomslicry which is sebstaatially
in excess of 2.0.

Molecular welight acd fenctiomality s wel) as functiouality
distribution sersoreasats were carried out om three differeat lots of the
2-45M prepolywer to determime wbether there were significopt differsmces
in these paramcters, ia particmliax ia the fwncticmaliry distributiom
pattern.

The extrapolated wwher svevape snlaculer seights, (i)o,
s dectermined by VPO fa chloroform at X" showad wery little batch to
batch wariztiom (2740 to 2903). The overzl] funcrtiesslitiss bsoed om
solecnlsr weight and sguivalent weight seessrencets wazied from 2.30
to 2.48. In view cf this MMgh sverage fusctioneliicy lesel, the B-45N
prepolyser shouid comtals sigsificent gasntities of polymer compoments
baving faacticoalicy grester tham twc. Scheegees: fuuct oselity
disgribution meovarensats hsve confirmed thic. Penctiomality distribeticn
measureneats were cbisinod by elstion chroastography oe activated silica
gel (100-200 mesh). A comperiscm of fescticmal!ty distribution measuresmts
of throe lots of the B4 suows that chis prepolymer comsiscts of &1
and tyifomctioesl composents. The difemcrices]l comtemt {3 spproximaecely 49 o
45 wt I, with s soninal wolecular weight of 4000, the resmimder (55 to &07%)
being trifusctiooal with 2 sumins! molecular weight of X0u. All cthree
lots have comsistently shoum this dependesce of famcti-wality on molecmlar
welght. Om 2 rolar basis the fuuctfonalsty distribution of the R-45X
grepoiveer yeflects am evem higher triol contemt: 25 mele T diol amd
75 wole X trinl.

To determice whather thers is 2 substomtial differesace betuvew
the R-45H and the R-15M prepolymer, a single lot of B-1% was also

churacterised with respect to {ts fuocrtiomal:ty amd fustioos.iry distriburion.

Nolecular weight sersurements showed that thers 18 2 significa t bar ot
drawarfc Ui erence in solecuiasr wight between the B-19 (M= W00) sad
the B-4SK (M=2800). The overall fumctiomality of the B-15M, lor 707203
w2 fou~d o be 140 wiich s tdentical! o Iot BOSHIL of che B9




prepolyner. Faactivaaiity distribwtioa messwrewests of the R-1%M
showed that abcut 45 ut 2 of this prepolymer (8 difesctiomal with a
soninal aclecuiar weight of $000, the reswinder Yeisg trifu-ctiomai.

A cosparisow of the femctiouslicty distribetioe of the B-45R
and tie R-15 prupolvwers therefore shcws that trifesctions]l prupsiywer
is the mjor compomevr: (wore than 50 wt X) ia both prepcliymers. The
15 appears to hawe a slightly higher difwnctismal contemt tham the
R4S, This sppavreatly slight éifferesnce in difumcticmml plymer coment
oy ferther dimisisk -pon amalysis of addivional lovs of the B-15M
prepelymer. ﬁ

Samgles of Ceneral YTire's low eolecuier weight (aomisal Mes2000),
ydrogenited (B-Telagen-S and previously been charac-erized asd found
to cootaia soe-, sono- and Zifvectionai prepolymer. Owe additiomal ot
of OR-Telagen-S vhich is bming ased om Comtract Ho. POSEL1-68-C-0045,
"Sathesis and 2weluatica of Curiag Agemts,” has becn snalvzed. The
furctiocaliry distri>etiom of iot 242 AM 273 B8 of (M-Telages-5S was found
2o be o follows: 9T momfusctiocnsi, 151 momofumstiomsl, the remadmder
bring difucctiv-al. Stirilar fuacticonality distribetiocns were fourd for
previessly saalyzed lots of OB-Telagen—S.

A saole of the higher solecular weight (momiesl Na=5000),
ussatarated OB-Telogres, has also beer mmzlyzed. This polyser is the
forest wmsaturated, bdroxy fanctional prepolymer of the Teiages series
of 000 oomimal wcleculiar eveight that we kave triad to fracticmsze by
foscrioaality. The totsl noe- sad monofwe-iional cmtewt of lot 242 M
292/31%6 B8 ves foxad to be abwmt 32 wt 2. PFractiomativa of this prepolymer
wss s-cled-ep ro proviie safficient gummtities of parce difenctiomal
asd sseciwctisasl =terizsl foxr evalmatica f mechamical properties of
cuwred gmwtocks. Byuivelent welght sxd mclecular weight ssasurenerts
of the difsscticsal sod vacfenctiouns] propolym:r hawe yielded the
folloving valuss respectively:

difwactioas! prepeolymer: f

By. Veight ~ 2720 © -

—

sonofuactionel: f = {Ma)o -
Ky. Heighr &100

Punctiosality distribution msiswremers were almo carvied owt
on the carboxy-emaloges of the JN-Telages prepolymer series. YThe COOB-
Telages-5, lot 242 AN 273 (IR, a hydrogaasted polvbutadiene of W0
sowinal solocular veight was fousd to coatain adcal ? wt I mcafwscticmal
and 23 wt I somncfusctional prepolymer. This coafirms owr previoes choervatioas
that the bulk of the mmterial heviag less thaa theovetfcal fwactiomality
(£=2.0) is somofumcticaal (f=1) rather tha nomfumcticusl (f=0).
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The higher moleculisr weight (nosdwe? Me=3000), wsnetuvestod
OGs-Telagea prepolyser was foumd o be more stroagly adoorbad om the
silica gel thom sny of the previowsly cheractssised prepolymers. Polymer
recovesy wpon fractiowstion ca silfica gel wves caly 51 to 4%. Bevexrthuleoss,
the ace- snd acnxfvectionsl prepoivmer compoassts which are leass sivemgly
adosthed ocu the silicx gel were eluted from the coloem. Yhe tozal aoe-
asi mooofsnactiossl comtent was fouvad to be abowt 27T,

A saple of Eocketdyne's P-CDEFE prepolyser. lot FII-68, a
afitro-fluore prepolymer krving hydroxmy fmmctiomal growpz, was characterized
with respect tec [macciosalicy distribution. The monofuacticmal comtem?
which wos also the lover mslescular weight fraction was fowad to be 12-15 wt 2.
Sceporatios of di- aad trifesctiocal composents vas act realized. Boszver,
based on the amalysis of the fadividanl fractices the 4 fumctiossl]l comteak
is approximately 45 to 50 vt 2 and the trifumctiomal comzest is 35 to &0
ot X,

Puncticmnlity distribatics sessurements of Xi"s ses perflworo-
alkylene cuxide pzepolymer, FCIX2, showed the presesce of 2-51 ace-
fuactiomal amd 7-9Z momcfuncticsal prepolymer, the remsimder beinmg ¢ifunctiomsl.

A sexries of gmstocks have becz prrpared from poxe difesctional
X-Trlagea wsing three diffaremt iscocyanate cmye systems. Nechamicsl
proparties of the pure difumctioms]l gmmstock bave besm comparad to
gustocks prepared from HT-Telagen “as received™. Nechamical pruperty
WeFaremeats vere sale st three teaperatwmes: —65°F, 75° sad 180°F.

Camstocks prepared izom pure difumctiomal FY-Telagen exhibit
i ther marinwm stress ic <is thas thoor prepared from “as receiwed” HY-
Telagen. All three crx: systens show the sane directiomel effect. The
ifference in zaxiess strecs level for the “difuecticnsl™ amd “ae recetved”
gwmstocks is most proscwnced for the THI/TINY cure system. Decasee cof the
higher mazissn stress level of gamutocks prepered from pure &ffwacticmal
prepolymer the crosslisker level cam be sigdficsstly redeced to 10X
eivalesr triisocyomste or even belor.

At comparshle trilsocysmate levels the pure “¢difesctiowal”™
gemstock exhibits lower scxisem strain levels thaa gemstocks prepared from
“as received” KT-Telages. Becauwre of the moofsacticma)l prepolyser comtemt
of the “2s received” NI-Telegea the latter gumstock will exhibit lower
crosslizk demsity amd hemce bigher straia leveis thaa the pure difwa-tiomsl
gemstock at idemtical triisocyasate icvels.

Commtocs . prepared from the Aifeactions] prepolymer also exhibit
siganificamtiy bhigher fnitiz]l moduli. The gemstock employimg a total
arveatic cure system (TDI/TPMT; shows the anst drammtic effe-t. The
differcuce ie imitial wodali between the "difwac’iossl™ gemstock sud
“as received” gmstock dininishes 2 the tesperatwre is decrossed. To
obtats low imitfial sodulf im gemstocks prepared from difemctiownl prepoiymer
the triilsocymmte ievel should be below 10 eguivalent percamr .

At comparable Irfiisocyanate levels the pure difumctionsl gums rock
erhibits comsistemtly significamtly higher Shere "A™ bardmess thas the “as
recelved” gumiock. The differemces f{r Shore "A” hardmess are mosi
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promownced for the TEU/YTI cuved pmmtochs. The arcastfic diisocyamate
(1) alse resuits 1in higher harduess thas cxre systams eaployisg
aliphatic difzocyamsios.

Nosofwactirsel prepolymer wvas added to the Zifumcticanl
prepalyaer i Increcemts of <.9, 9, 18 aad 27 wole T to surive at &
qumtitatiw: correlation of the effect of sowofuactiosal prepolywer
conponents oa gzmstock properties. Do cure systems eserve ssployed
veprasnentiag o arcmetic diisocyanste (IDI) ssed am alfipharic difsccyamate
(DE) chaim extender. In ench cerative systes a triisocyisate crosslinker
wvas wsed. ibe &i-/triisccysmate ratio was kept cowstoat at $/1. The
sddition of momofescticmal prepolymer to the difumctioasl prepolymer
reducas th: asxim strass level, the imftial sodnlss sod the Shove “A"
bardasws Det incresses the straiz 7¢ asxisws styess of the curad gemstock.

The percentage decresse in wexisom stress level is simfilar
at 2ll throe taspezatuzos. The decrease is waxismm stress and imitisl
acda’us wpen addition of the first 5 to 10 wole I momofwactiomal polyesr is
zore severe for the aliphstic diisccyamste (BDI} chais—extendsd gumstock.

The Shore “A" harnicscs s.cws sa =scemtially lisesr docruase
with iscracee in romofumctions]l prepolymer coantemt.




Iv. TREOEICAL. PROCHUSS

A total of eight diiferemt prepolveers were chawectsrised with
respect to feRcticazlicty sad fuscticwalfity disirfburion. ALl sre low
olecular weight, ligquid polybutadiemes. They differ, bowever, i
several cespects:

® Different methods of polyperizatiom are caploved. The Telagea
series, meufaccured by Geseral Yire amé Bubbevr Cougawy, uwaes
an anicaic polwvaerizatiom process, vheress Sieclair's Poly B-D
prepolymers are pregared by a free radical process. This
difference ir the sethod of polymerizatiom resalts im:

a. different microatructures and
b. wmost sigaificamtly in differemt functioceality distributfioms.

o The amaiomic process permits some cowtrol over the degree of 1,4 and
1. 2-addition. The free radical process, however, gives consistemtly
802 i,4-additiomn (60 trams-1,4 sad 20T cis-1,4) amd 202
1,2-additicn (vinyl grougpe). This differesce in microstrectwre,
however, is oot exploved on this program. Cuwr cbjective was
to quactitar, =’ _.terwine the functfiomelity distributiom of
these prepolymers, a parameter which is of parcicular f{mportance
from the standpoiat of mechanical properties of the cured
pyaastock.

® The Telagen prepolymer series is gemerally composed of non ,—
wono- and difunctiossl prepolymer, wherems the Siaclair Yoly B-D
series comprises di- and trifusctiocmal cosposents.

In additioe to this differemce ip microstructzre aad fusctivmality
distribution, the following differences are reflected by these prepolyuwers:

® The type of fumctfiomal group (O vs COOM)
® Saturated (hydrogemated) vs umsaturated prepolymer (Telager vz Telagem-S)

e There are 2.50 some differemces in the soleculsr weights of these
prepolymers.

The sat. ited Telagra has 2 lower wmolecular welight {vominal 2000)
than the umsaturated Telages (momimal 5000). The chotce of a loser molecular
wveight, saturated prepolywer ref lects the incressed viscosity of the
saturaled backkome.

Is secticos A through I the reswicts of fumcticnaliry amd
functionality distribution messurcaents oo eigh: pregolymers are summavized .

Sectica F discusses the mechanical properties of gumstocks prepared
from a pare difsmctional W-polybutadiene and coupares these properties with
grasiocks prepared from "as received” NY-Telagem. The effect of mowoleactional
prepolymer coateut ca mechsnical properties was explored in detafl.
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A. PFusctiomality sad Fomctiomality Distriberion
Heasurcments of Sinclair's MNRY B-D Prepolywers

Simclair's Poly B-D prepolymer series are low molecslaoxr weighe,
liyuid batadiene hoscpolymers or copolymers of buntadiese and styrene or
aczylozitrile. The two hydroxy-fuzctional homopolyeers whkich are of imrteresi
as progpellamt bimders are desigmated R—45K amd B-15M. Yhe R-15K has
a somewhat bighsr molecular weight thaa the B-ASM. The current price per
pound (in drue gquamtities) fs 48¢ for the R-15K and 54¢ for the E-454. These
prepelyeers bhave coasisteatly been reported to have overzll fuscriomalities
ssdstaatially in excess of 2.9. Ia the feilowing sectiom fumctiooality
and functiomality distribution mecasurements of differest polywer batches
are discussed.

1. Sinclair’'s 8-45M

Three differeet lots (704211, 805101 ami 8505201) of the 2-45M
prepolyser have beer chrractevrized with respect ¢o functicaslity amd
fumctionality distributiom.

1.1. Femctiomality Determimation

Puonctionalities were caslocelated from vumber zwerage mcleswiar
welght sasurenea?s and eguivalear weight wessuroseats:

« ERmber Average Molecslur Weight
Equivalent Ueight

Fsber average molecalar weights were ocbtaised by VPO in chloro-
form at 3?‘2. All srassremmmts were extrapclated to 2erc comesstratioa
to chtate (Mu)o. The concemtractiom dependeace of molecwlar eight for the
three lots of K-45M are shown in Pigwres 1 chrough 3. They show 3
signif icant negative comceatration dependeace, ths appaxeat sviecular
welight imcreasimg with decrezase in polymur coscentraticm. The extrapolated
mlecaisr veights are sssmarized iz Table 1.

f

YABLE 1

SCMMARY OF FUBCTIONALITY MEASUREMFRYS
OF TRRRE LOTS OF R-ASN

Equivalent Weight

Loc_Bo. (mu)o (Crams of Polywer/Mole »f GH) Femctionality
70421 1 2740 119¢ 2.3
205101 2800 1130 2.48
803201 79C0 1220 2.38

The sgquivalent weights were determdned by reacting the polymer
witk p-tolvsasselfsayl isocysaate in dilste chloroform solutioa. The
resction ls momitcred by lnfrivred. Details of this analytical ssthod
hawve bron descrited ta AFRPL-TR-68-217 (1). The resulls of the equivalent

(1) Pemcticasliity Deterxinmatiomn of dinder Prepolymers, rimal Report,
Oc tober 66-Septenber 68, A. 8. Muenker xod B. £. fBudson, EFxso Resenrch and
ingineering o.
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weight measuresents and the fumcticmalities based cp wolecular weight
and sguiva a9t veight meisurements ave sammerized in Table I.

The .2 funct malizies for three lots of B-45H are substemtially
in excess of 2.0. Im view of this high aversse functziovality (2.30 to
2.468) the R—45% prepolymer should comtain significamt quantities of
polvmer cosmponents baving fuactionaiities greater ther twe. Suhk equent
fumcrionality distribution measureneats hawe confirwed this,

.2 Functivaality Distribution NMeasulements

Fapctionalicy distributionc measurements were made on all thres
lots o determioe vhether there were signifiloay differences in the
distributicn pattern. e hid previcusly deamscrared (1) that the BR-4&5M
comtains oo mwasureable guantities of pop- and momofuncticnal prepoliveer
companents. Our obiective was therefore to separate the grzpolymer
inte pure difvoctional and polyfunctioma: cosponents.

a. Lot 204211

The scolvent scheduale that was found to be particeiariy citective
ia separating R-465% by functioocality was 103% CExX 1> followed by solveant
mixtures of (HpyCly and THAE.

Nethvlene chloride was used a&s the fnitisl solwent instess
of carboa tetrachloride which we bhawe generally wsed for other prepolymers.
Merhyleme chloride aifords greater ease of descorption of the prepolymer.
As show in Figure 4, a fractiorn sccounting for 423 was immediatelv sluted
in respounse to methelene chloride. Based on the shape of the elutioam
prcfile we recombine: the imdividwal cuts iato four major fracrious for
subkequeni analysis. The coucentrazicn dependence of molecular weight of
the fowr fractioms is shown in Figure 5. Analyses of these ‘ractions
are supmarized below:

ldemtification: &47-84

Silica gel/polymer rarico: 8771
Polveer charged to column: 1.137°g
Totdl gpoiveer rezoverv: %5 4

Wy @ Lguivaient weight
Fracion of Toral (Crams focle of O8) (Madc Fuostismalitry
i R 930 00 2,07
1% vl Fa 4 FER LN 3 3a
TE N . 213) 3.95
Y A Ha) o 3,52
/‘:}ﬁl. C\i
Foncifomaliity data oo e tndividuval fractions 3how har fraction-
atiom by funrticoe iy zas taken place. The prepolvaer s clearly composed
of di- andd grstunctional pelveer . About 42 W U is difocrional, 2t least
x,® “ RS L R - = F v P . : g -
waw a2y Yrifomer jomal, The remaisder ® SinE Trid i tional of Terratonct: ona s
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meiysis of Fractiom IV has rzised the possibility that this prepolymer
coarsixs tetrafuacticonal cwgoasats. The iatevesting finding is thot
fuactiomality is a2 fosctioon o. melecslzr welight, the lov solecalar weighi
cosponcnts being trifunctiooz] and the higher svilecular weight fractics
being ¢difvnctional.

lots B05101 amd 805201 were subseguently fracticeated to
detzruine the vasriation in funcriomalicy discribution amomg differeat
bheatches.

b. Lot 8051031

The solvent schedule was similar tc that wsed for lox NO4ZI:
(100Z CHyCly followed by a2 solvemt mixtewe of 951 (H,(1y sad 5T CEyCE).
Bowewver, the profile wes shorteped by switching to the 2575 CBzC1/CA((E
uizture eariier ia the eluiica scheduls.

The resultimg elmticu profile is showm in Figure 6. The
fndividnal cuts were recosbined int2o four major fractioms. Durimg the
recombipation ¢f Fractioms! amd Il amd subsegoent strippimg at 4C°C
we cbserved that these polymer fractions becase insoluble. dpparemtly,
axidarive crosslinmking took place making the polyser imsoloble. There-
fore, mo maalyses could be obiained cu Fractioms § and IX. Fractioms
II1 amd IV HMé mot show evidemce of crusslimking and were therefore
amulyzad. Analyses of these fractions are sammarized below:

Identification: 4#47-82

Silica gel/poliywer ratic: 100/}
Polvmer charged to coluwm: 1.18 g
Toral polymer recowery: 95.42

¥r 1 Equivalenr Weight .
Fraction of Total (Crames fwole of (H) (Mn)o Functionslity
I 37.2 P —
i1 10.0 —————
1X1 37.9 860 26QC 3.02
1v 19.3 570 1780 3.12
95. 42

‘Sqlc;“ius becowr imscoluvble due ro
onidstive crosslinking.

Analyses of Fractioes 111 and IV showed that these fractions are
trifunctiomal. Based oo fumctiomality distribuzion swasurements of the
previous lot of R-4% (lot 730211) and the siailarity Serween the Swe
profiles it cam be sssrumed that Fractice [ is difwocticoal amd Practios (I
is trifumctional. e therefore assigo thw followiag tuncriowmality discriburica
to ot 805101:

@ 37T Mifumcrical
o S8 rrifunctional

o rvemaiader {3 rrsfumctionmal or abewe
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€. Lox 305201

Tise solvent schadule sas again the same smployed for lots 211
and $05131 except for imcoemsing rthe ()X comtest to 20T. Iacrversing
the GiyCH snlvent comient did mot, houever, speed wp the elution of the
trifenctioral polymer. The ciotiom profile is showsn i Figure 7. The
individuai cuts were recombizmed imto three wajor fractioes. Oxidative
coselinking agais prevented the amalysis of Fractiom Y1. Based om elatior
profiles of previcesly saalyzad 2-45N ramples this fractioo is beliewed
to e trifeectiosal. Adaslyses are summarized “elow:

Identification: &£47-108
Silica gel/polymer ratio: 100/1

Polymer chaxged to colvmam: 1.20 g
Total poiyser recowery: 92.82

¥t 2 Equivalent Weight _
Fraction of Toial (Croms /funle of O8) Tado Fusctiomality
I 43.0 2005 100 2.04
I1X 7.4 * - —
11X 42.4 720 2100 2.32
$2.82

Sanpie hod becone imsoluble due to onfdative
cross]inking before amalyses could be obtaimed.

Lot 805201 therefore costaims approximately 4II difunctiomal
polyner of (Mm)o-4100, the remaisder being trifunctiosal, having a
solecular weight of abour 2100.

A comparisom of functiomality distrilutioun masaremests of three
lots of R-45X shows that the difunctional conteat is asgproximstely 40 to 453
with 2 mominal wolecular weight of a000, the remainder seing trifuncriomal
with s somimal molecular welghs of 2000. Al three lots lave comsistestly
showa this dependenc. of fawtiocoaality ou molecular weight.

On a solar basis, the fuactiomality distributicn of the BE-4&NM
prepolymer Tetlecis an ewen higher ryiol countent:

Puncticaslity Distriboetion of B-435M co a Molar Basis:

Diol: 25 Mole 2
Triel: 79 Mclie 2
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1.3. Effect of Silica Gel/Polymer
Ratio om Sepsratiom Efficiency

The twe major parameters which laxgely costrol the fractiomstiom
efficiency of prepolymers into their fumctiomal compoments sxre (1) the
silica gel/poiymer ratio, sad (2) the desorbdimg power of the elutisg
solvent. We have exslored the effect of the silica gel/pelymer ratic fie the
case of the R-45M prepolymer. The ratic vas varied from 10/1 to 10041
waing 100T CH;Cl; ac the elnmting solvext. As the criterios of fractivestica
effficiency, we chose the wt I of the prepolyser eluted after a total elutiom
volume of 400 mil. This fractioa gesevally accowmts for 42-43 wt I for
this particular batch of B-45M if separarion between di- amd trifwscticsesl
prepolymer hes beem achieved. If this fraction is grester tham 43X,
then trifunctiomal prepol mer has beem eluted together with the difwnctiomal
prepolymer. Figure 8 shows the vt 2 of this first fractions 3z 3 fumcticm
of silics gel/polymer ratio.

It is appeareat that at a silica gel/polymer ratioco somswhat lese
then 40/1, ceparatica is iscomplete aad trifunctiomal polymer is elsted
together with the difuncticesl prepolymer. The winimms silica gel/polymer
ratio regquired for fractiomstios of B—45M imto its foectiomal componemts
ssing (B)Cl; as the elwting solvesmt f{s therefor: shout 40/1. It should
be reslized, thowgh, that the optiswm ratio is a fonctiom of the solvemt
scheduie sad the prepolymer.

2. Simclair’'s B-15M

Yo determine whether There is a ssbstantial differesce betiwen
R-45M and B-15M, = sample of R-15¥, lot 707203, was also characterized.

2.1. Punctiomality Determimatise

Rased oo oumber average moleculsr veight messwements by VPO aad
eguivalent veight wmrasuremsats based on the reactios of the prepolymer with
p-toivenesulfomyl fsocyanate the following funcriomality was calcmlaled:

_Qmle _ M2 _
t o~ Fw " 13m0 - 28

This fusctionality is idewrical to Yot & 1, of the R-45M
prepolymrr. There is a sigaificamt, it wot dramatic differemce im molecular
weight between the R-15M (340C) aod the R-4SM (2800C).

2.2. Fuosctiomality Distribution Neasuresents

The slution schedule was ideatical to the ome ased for the R-43M
prepolymer. The resultiag elutfoa profile §s showm in Figare 9. Oxidative
croaslisking wss agein o evideace when the individoal cuis comprisiag
fraction | were cosbined and stripped wader vacuum at M°C smd subsequesmtir
exposed to alir. Tae fxnitias! part of the profile (see dotted lime of Fractiox
I, Tigure ¥} was therefore repeated. Fraciioe I of the repeat fractiosation
accomats for 44.0 wi 1 of the total polywer =3 compared to 47.6X of the
fuitial fractiomatiom.




WT. % OF R-45M ELUTED AFTER 400 ML OF CHQClz
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Figee 5. DEPERDEPDPCT OF THE Wi. % OF R-45M, LOT 805201,

ELUTED WITK 400 ML OF CH2"i> AS A FUNCTION OF
THE SILICA GS'_POLYMER RATIO.
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Analysis of Fractioe I showed that this fraction wvas difunciiomal
a6 had been expected. Fractioos Il awd 117 were found to be trifumactiomal.

Cowplete amaivses ave given below:

Identificarion: A&447-90 and 447-112
€ lica gelfpelymer ratfo: 10071
Polwveer charzed tc coluwsm: 1.2 g
Totzi polvmer recovery: B6.52

we I Equivalent Weigh® _
Fractice of Total (Gramg /enle of D4} {Mn)o Feocrionality
 § *7.6 -— ———
44 Qe 2750 3700 2.07
Il 24.1 810 2450 3.Q2
Il 14.8 7186 2180 3.04

* This fractionm couid mot e aralvzed Gecause
of oxidative crossiinking
&% Rrpeat of initial sepment of preiile

Basad on the abcve data we carn concliade tha® bout +3% € this

srepolyser is difunctional, about & wr I is :rifupctional and the remaining

prepolymer (i51) vhich could not be esor™ed is also rresumed to He
trifunctional.

A comparisom of the fuacrinalizr distridutioo of the ®E-435M
axi the B-15M prepolvmers shows that trifunciicnal prepolveer is the
mjor compoieni (morethan 30} in both prepolvwers. The 3-15% appears
to mave a slightly higher difunrtional comtent thar the B-43%. This
apparen:ly slight differeuce ir difunctional polvaer conten! mav furrther
dizinisk upor aralvsis of additiomal lots of q-15%.
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2. OB-TELACKY (Nowminal ¥Mn=33007.
Lot Zal AM 392¢5°¢ A

This lot of OB-Telagen {nominal molezular weighr 3060) was
purctased frow Gweneral Tire and Rubber Compasr for use om both Comtraces
Tt ll-6P3-C—Fah and FOLGII-68-C-3i3.  This pelrymer is the first uosato-
rated, hvdooawfunctional prepeliveer of tne Telager series of 5000 nowminal

4 ziona

nar we Zave tried

. -
T
Fracticomation of fhis prepolywer was scaled-up for evaluatiom of
L plaper ties cf 2 gumstorx mrenared frowm oz opure Alftunctiousl

Sumber average W€
ar 3770 isee Figure 11}, vie.
£ MY = 26

baoralp U .

Tular welghtls were geterwined ino chlorsform
gi ted molecclar weight by YPO

Lquivalen: weight measurements tased oo the reaction 2f the
prepllvEer with pricluene sullizeyl isocvanate are as follows:
qriivalent weight
(Grams mole of 8

X6
i3

-
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The first fractiomtion stwdy wws carried oet 2t a silica gel/
polymer ratio of 93/1 msinmg CCl, amd mixtures of (Cl, amd CACl: of sro-
gressively Righer OB coTtemi. The resulting elstiom profile i3 shows
in Figwre 13 Iz is apparent from this profrle thot mo sigmificomt amowet
of polymer was elutzd fros the colusm in respouse to OCly. The first sig-
sificrat elotiow (fraction II) was ic respokse to mivtwres of CCI;ICIC13
aund/or 1001 (BCiy. Praction 11 wes followed famediately by the wejor frac-
tion (mjoxr pezk of fractiom II1) im respomse to 100% J8C13. The frac-
tiooeeion wiks Yerminated 2fter 83.67 of the polymer had beex recovered.
Avalyses of the fractioes shows some Separatiwa by functiosalivy. Fractiowm 13l
apparcatly comtaioed some mosofunctiooal material im additiom to the dMfwncticnal

polywer.
Ideatification: &47-116
Silica gel/polywmer ratio: 93/1
Total polywmer charged: 1.372g
Total polywer recovery: £3.67

¥t 2 Lguaivalent Beighv -
Prection Toral {Croes fmole of OH) (Mn)o fesctioeality
I 0.4 T Y
1X 16.4 6000 4800 0.8
138 4 65.8 2600 4543 i.75
81.6

* Analywis could act be obtaimed because of small sampie size.

The profile indicsated taat Xl lscked sufficient desorbing
action wheress BCL1y w@s too strong a desorbing agent to permi: seszratice
by functiooality. To comfirw zhe strong desording power of (HCl,, & frac-
tion#tion s udry wes carriec ot <~siog ouily (HClj as the €.szing solven
The resulcing profile is denicted ico Figure iv. The profiic wery clea
demonslrates the descrbing action of (HCl; and the lack of gesaration -
the polpmer into distimct »ea¥s. Tlutiom fram The coluns wes TeTw.mler
after B1.27 recovery.

4 e
L

e

(L T ]

- 3

Specific condilioms are swmarizes He low
fdeczificarion e T L e
Siiica gelfpclvwmer ratior 120/}
Tota! polymer charged  0.95%g
Yotal! polymer recrowwery:. 8}1.2%
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Y é . : .
00 the DBsId of fetwse Tae TAICT ST, LT ady comy D Sde 2 tracr

- 3 o~ LN N 5 C e -
[ 0L 1@ 0 BT -

ES TN T

.o T e . -
[ I BUEG P O O FEE ST A SN R B S SN -
P B R Y % RN e N
- - g
. &0 T T o 5 E o ot ~ i *
~ 8 a’ ks
Ty T -
e o g S 41 ac s o M RN Ny W S el i o i




N/ h - Olivg ..:z\f:;\ s R Yoty Tl sy Gy
. LATEE TP Utipitige aupmclogn g gy M sree Wy ryp ) :sa.:aT:: AL I R PPN Hinp qrogy EREREE R

WONI “INN0A NOILNT3

gG0e Cogy 0091 061 00zt ooom 0os 00y Oor

T I | I
| | .~ ]
-~ | ~. oL
- . |
_ | 3
e 4 G || —onleg | ~— |
pac u 4
j m “ \
§ i |
ROk €19m0 ;\.3% jo¢
L Y132 %09 ..\
|
B mcf e | 709
3 %08
L NOfg “19H0 gy 7199 70
$10HD g6 . $
~ _uxo W9 £ Hoe
P199 4oy SHO Kot "199 pot |
» - 130 706 1
M?w
| i —— rul i i ucmw




1/001 193192 1omA1od/ 108 w2yt Iu01-29n tuny
168 woprye wos; uoyinte seyade e £q ONY QIC/Z6Z WY 297 101 'ue¥wI9f-j0 suj sy1jozd ungingy  cw; ean¥yy
TN NI “3WNIT0A NOILNTI
co8 00¢ 009 00§ gov 00¢ coe 061 9
] q ! T 1 ! 1 0
~ - V¢
™ ~ ov
- — 09 &
. R
- ~ 04 v
B -4 001 w
¢ ,5
R ~ o0t 3
» ,a
- ~ovt §
z
) [anid
= ﬂ 091 o
[V
™ 1081 2
e
i +oooe §
- LIoH) 00T 44 gz¢
[~ ~4 Op
L — ~ _r — L L (4ye




in subsequent studies, we lowered the silica gel/pelivmer

ratio and also iowestigated the effect of the chloroform contemt of the
carbon tetrachloridefchicrefore solvent mixture ca the efficiemcy of
polymer fractionsrion. Figure 15 shows the elution profile at a silica
grl/polymer ractico of 26/1. Ewen at this comsiderably lower ratio, less
tham 1I of the polymer is eluted by CCi; and C(Cly/OMCI3 mixtures
comtaining up to 201 chloroform. There iv a significant respoase to the
60/40 CC1/CRCLs zelvent mixture which elutes abecut 28I (Fractiom IID

of the total polvmer fram the columm. The bulk of the polvmer is subsequentls
tluted in responmee to 1001 chloroform. Fractiomation was terminated after

25.17 of the polyveer had been recovered. Analrvses of the fractioms are
summarized Delow:

Identificarion: 447-138
Silica geli/poiveer ratic: 26/
Total polywer charged: 3.869 i
Toral polvmer recovervy: 89.1%

Equi valent Weight

Fractioe Wt I {Grass/mole of OH) (m)o Sunctionsifty
: G.9 e e &
11 25.9 $332 1900 0.84
1! 10.3 3w 4700
Iv 52.0 2620 5200 1.98
8.1

* N0 analvysis could te obtained because
of the small sample size.

Based on these data Ine 1204l 200~ andg @ooo!aacticndl prepolvmer
conteat is in excess ~f UL {total of I oand 1!y, Fraltioom IYD is

T

approximare Iv a '3 nixture of monc- amt Fifumcticnal prepolvesr. The
total non- and moncfunclional content s Nnwrefore adogt 30T

(‘H

2.3, Scale-up of the Fraciionition

The w0 DBI0T paTaseters whL.? arwe iy ocontrol
of the W -Telagen prepolvmmer faT. i1fs fumTiomal [oepomentis ar o f1l) The
e elulilng
fore siase-

:
L4
silica gel‘polvmer rafio, 4dd 1 the e tbliaog power of 2
solvent. These variables were cxpicred ™ 8 smd.i soale b
ap of the ChromsloegfdpRii SOPEralion was Jllempled. Foaotiomarions
tawe Heen Carvied oul a1 silicd gel poiswer varaos 0¥ ISel o awd ldog
As tnoe sllfca gel polvaer ratl.o s Ceduced Dhe Bl conafent of e
" 4 v v

L URU L el uling o

TooowdoLre

SoaE T o7 T soLven

The ftadlionals

sLwent i o~ BiIL4ar v Jewreased rooredule Thae Jesorhoun
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Figure 16 shows the elutiom profile at a gel/palymer ratic of
15.6/1 wsing 1001 CCls, 70/ Kl /CBCLy apd 1007 CBCL, {n succession.

Analrses of the three major fractions are susmarized below:

Identification: 447-150
Silica gel/polveerization: 15.6/1
Polvmer charged te coluen: 6.515 g

Total polymer recoverv: 2.12

Equivalent Weight

Fractioc gr. 2 {Grams /Mole of O8) (’fm)_u Fonctiooality
1 0.3 b -
II 24,7 $540 L7706 1.04
i1l 10.5 790 3500 1.02
Iv 56.8 620 000 1.91

S eap Le size too samll for analysis

1t appesrs that some difunctiomal prepolyser aay have beea
focluded in fractiom II as % result of the reduced silica gel/pelrmer
ratio.

Figure 17 illustratec the elution profile ar a further tedored
silica gel/polymer ratio (10/1). The solvent schedule was 1002 (1,
and 8G/20 CCl,/CAC13. Yhe profile has been cousidersbly condensed and
there is less separariom between wajor peaks. Analvses are suvsmarized
below.

ldenrification: &471-8
Silica gelipolymer ratio: 071
Yotal polveer charged: 12.737 g

Polvaer Recowery: 22

Equivalent Welght

Fractiorn we. 3 (Grams /Mole of QOH) {Malc Functionas ity
I i3 LS » 5083 1.1z
Il 5. hH & MG pRECS) G2
1t 3.7 2680 260C 1.73
5823

These fata contirm the Ireod indlioared 1n rum 4 -1 o
1 PIORICESIVELs LMl $L.i08 gel poovmer rrtios souwe vifunctiotal polvmer
v 3 ttiaily washed torough the Colomn witnow? gettiog adsorded on the
g€l {see fon-2imall

v -~

84 T Lo Siruntersad?t this trewd. the
chlorcfora contert ol the (OI, ULy pluling wivent was further regoces
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Figure IL nows the eiution profile (471-32) at the idemtical
el ratic a= wmn 471-8 (i.e., 1C/1) but wsiang I0OX 2Cly foliowed by 90/10
(C14fC8C1 5 av the elutiom schecule. The effect is very drimmtic. 4
fraction accounting for 25 wr I of zhe total polymer chargad (s eluted
ia response to the 90710 CCI /CN 13 solvent wixture. HRowever, the 90/10
CLY,/OBCL ; mixiure failed o eluve the major pesk (difurctiomal poiywer).
Even the subsequeni uwse of & 80/°3 CCli/CHCL 3 solvenst brought cmly little
addiziona] response. There is z, rarently a very zignificant difference
in the 2luting power of a 90/i0 a<d 803/20 CCL,/CBCI} soivent wixture.
Y0 analyses have beem carried out @ rus &7i-32.

identification: 451-32

Stlica gei/polymer ratio: 1071
Total pwlymer chargsi: 1..960 g
Tortal polymer recowery: ¥ .31

Toe fractiomation ot Cl-lelagen by colume chroastographty
was subsequenliy scaled-up to the 400 g3 levei. A large glass :clemm
Lhaving the tollowing dimensions was emploved: length=t fewt, dianeter=10C um.

YT ree scale—up .o of the [ acticaalive of Ji-Telages vere
made. Two ..f the rups were carried out at a X, .. sijiica gel polvmer
ratio aud cx at a 151 ratio. 2i]1 three 2lxtioa profiiles sre wers simtlar
(see Figure: 19 through 21). The appropriste fractioes wic charsc arised
with respect to equivalent weigh-. BSased oo the equivalent weights, a
sominal funitiomality vas assigoed o each fraciiom Details of rams
471-70, F2 and 94 are given below.

-

ldenttfication: «71-7C
filica gel /pclymer razic: 13 &
Toral polveer chatgad: l6.53 g
Pclvmer Recowerv: 9212

[} SR Equivalent Weight
Fracticn Tceal (Crans Mole sf oH) Sominal Funcriomality

: >.1 ¢ ¢
iz 5.5 8,600 -1
1z T 3,600 1
Iv 3.2 -

) 1.3 -

VI LT 2,99 2
Vil «l L 2,75 2
Vil 6.0 2,350 2

e avdroxy! bam in the infrared;
funltixmaliigy = G
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Identifi-atiomn: &471-82

Silica gel/polymer ratio: /1
Total polymer charged: 315 g
Polymer recovery: Ji.za

We. 2 Equivalent Weight
Fraction Yotal {Crams /Mole of "W} Nominal Functiomality
1 0.3 - 0
) 8 4 1.2 37,0000 0
1§41 2.3 4,880 1
Iv 2.8 3. 700 2
v 38.1 2,680 2

2
o

o hydroxyl banl im the infrared; fuactiocaality = ¢
sifggentialiy nomfuwnctiosal

Ideatification: 471-94

Silica gel/polymer ratric: 20/1
Total polymer charged: 314.3
Polyser recovery: 90.52

¥e. X Equivaleut Weight
Fraction Tocal (Grams /Mole of OH) Sominai Functiopalicy
1 0.2 - Q0
11 23.1 5300 1
I11 2.8 ¥»10 1-2
v 6h.4 2560 2
90.52

*o hydroxyl band in the imfrared; functionalicty = O

The appropriate “difunctional fractions”™ from the three scale-up
rons of the fractiosatics of Oli-Telagen hawe been rechromstographed to
yvield about 200 gramss of pure difunctional prepolymer for gumstock studies.

Lquivalent weight and molecular weight measurements of this
difucctional polywmer have yielded the foliowing values.

. _(m)o . 5400
Eq. Velgat = 2720

£ « 1.99




- &1 -

To furrther confirm tne purity of this difumctional prepolymer,
we have rechromatographed a saall! sasple om am ansliytical-size columm. Amy
mmofonceionz]l coapooects that are present would be concentrated ia the
frcat segment of the civiion proffiie. Fracriomatios was carzried our &t
» efYd~ —

eilics gel/poivmer ratio of 100/]1 anvd vieided the elotion profile sham
in Figure 72.

Analysis ot the first fraction elurted from -be columm gave
the following analysis.

. Mmjo_ 5200 _ ., .
Eg. Weight 840 :

[

Basca om these data it can be concluded that the polymer :is
pure difunctional. This material was subsegquently used for gumscock

studies to deterwmine the mechanical properties ¢f a purely difunctional
M- prepoiveer.
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i

C. Fuwc iomality add Fumctiomality Distrisisiom
Measirements of Ceperal Tire's Q0O YELAGEX

General Yire zmd Rubber Coopaoy produces also the cartory
analogue of the Oi-Telagen prepolyser series. Aga nm boti a hydrogemsted,
(G0B-Yelagn-5S, ard the umssturated analogue, (DOB-Telagen are svaiiadbic.
Sasples of Soth prejolymers were acalyzed ou this program.

i. OOWE-IELAGEN-S {(Sominal 2000).
Lot 242 273CHR

Pre=fous lots (1) f (0OH-Teiag=n-S prepolyme: vhick had boen
analyrzed had wriel in tots’ nwo— and macnofunctioval polyaer coantert from
i8 to 382, the dclx of +his fraction beirag monofunctional. This latest
lot of (OB-Teiigen-5 had a noo- nd monofunctiomal prepolymer contemt
of 252.

1.1. Fupctionalitv Deterximarion

This oprepolymer Iot was focund te comtain about 9.35% volatiles.
Molecuiar weight: were obiained after resoval cof the volatile compomeats.
The coocentraticr lependence >f apparent molecuiar weight by VPC fn
chloroform at 37°C is sbowm ia Figure 23. Of parricular interest is the
pSitive slope «f the moleciiar veight dependence or concentration, the
molecular weight decreasing wish decresse in solvmer coaceuniratica.
Tais refiects at least ian part the asscciation of the prepolymer through its
carsoxy-functiconzl groups. 3Som of Tie (OH-crepolvmers show this type
of comcentration dependence. Thr extrapolated mole-uiar weight, (Ma)o=2:20.
The equivalenr weigh: of tnis precolymer was detervinel by porentirmety fc
titration of an MEK solutior of the polvme. with $.1 N tetvabutyl ammocius
avédroxide ia methanol vielding a vaiue of 1170 g /moie of COOE.

3ased G0 JaesSe mRasuTImenis, the cxloclzred fracrioaaliny is:
2220 .
£ » .?.; = ;
1x U
si.l. FPunctiomality Jistridulion Measulememts

To determine irs fuacticnality Jistriburioss the polivmer was
Ifracimvaated aa silica gel usiog the folloving solvemt schedule: L0
Ll stuteres of CCI, anc :I1y, 1L WO,y and mixtures o HCI1, aad
i'ii}(}ir?'ﬁ. The resulting eluticn profile is sowarm ia Figure 23
Analvses 0f fne recomoined fraciions 4Te SUTMmGET:res ¢ ik




T X T

-
- &4 -
ldemzification: 4&7-«l
Silicas gel/polwmer ralic: Ml
Polymer chzegnd to lomr: 1.57g
Totak Polwmer Recowerv: 251 92
We 2 tquivalen: weight _

Fraction of Total (Crams /avle OOH) tMa)c Fogm sionality
X 6.6 TIG0 2¥0 .32
it i8.1 283C i 5.99
| 991 ®2.7 1 2150 2.23
I 4.5 193¢ 21 .02

91.9

-

The first foactiom accousting for 6.4 w. T is 3 mixture of
007~ and momofuncifonil prepcivasr. Based o its overall fumctiomaliy
of 8.32, approzimarel: 1/3 is mnomfurcrivoal (2.2 ard 2/2 is monofunctional
HF Y WA aciiom Il 118.1%) is clearly monofunctiocnal amd fractioas II]
apd IV are difunc. ‘onil. The residual 8% vhicn could ant be derorted are
presumsbiy also difunct. wa = The fusctiosalicy distributiom of tins
preg:.:vaer is therefore as follows:

¥Y¥onfunctionnl: 2.
Homofuncr coai: &
Difuritional: ¢

et

.
E




APPARENT R

&

=
v

&

i
10 15 20
CONCENTRATION, 9/kg

\J

Figurte 13, Joncentratice Jependency 2
Cr-Ts agen~-S, batch oo,
oo olnler>forw ar ¥YURC.
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Tnothe fwrative program for
e ~arboxv-fonclicoted

welght =easuTements by V3G £n chleore—

ated molecular weight of {Mojc = 4300

¢

5]
st

cf the polveer wizth O.1 X

vmer was determined by
o
eiding a value of 2650 plooie

ared oo these mepasurements, ihe caloulated funcriomiity is:

Py ) -
2630

Vg

i.5¢

iva. Tumcticnalipe Mstribution Measurewenis

Ie cur first fractivoation studr with Coe CO0B-Telagen
Frepoivier we eap loved (he same uolwenl schedule that had previcesiy
Seer applied successtully fo the iwser wiccular weight {2300), hvdrogenated
prepolymer, CONE-Telagen-S. Polsmer recovery in excess of 937 had bees
realized with the (QOCE-Telagem-5. The unsaturated, higher molecular

-3 A

weight JD0H-Telagen, howewer, wor fractismaricn gave only - Tecowery.

Figure X shows the resulting elurion profile after rhe particular
sclvent schedule wsed. TFraction I :ould »ct te analyzed because cof the
small guwantity inwelved. The infraired specirum, Jowever, showed i weak
AXE absorpiicn band. Since the fciliowinmg fractica was found te be
composed of ace- and mcusfoncticasl polymer, Fracriom I is alsc believed
tc be a nixture of non- and morofunctional material. Inspection of imdividual
cuts <comprisiog Fracticr 11 revealed the presence of a crvstailine
material which is believed tc e additive lanticxidant). These cuis were
ot i luded in Fraction II but are reflected in the total percentage cof
Fractica I1. Arvalyses of the fractions showed that fractiom II is a wmixture
of non- and monofunctional material wvhervas Fraction [I1 is purely mono-
functional. Fraction Iy was essentiaily difunctiomal. The remaining 497
wnich could mot de desorbed are als:c beliewved to de difunctional. The
total noo~- and mooncfunctiopal cootent is therefore about 271, The results

of the fractionmation are summarized on the following page.
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sl

i ificerion: &37-114
Silica gel. polvmer raric: 170 L
Tozal polveer charged: 1.3 @
Totasr polvmer Tecowers: 31l
Eguivalernt meight .
Fractiocy a9t - (Grams Mole of ONOE) {¥n}o Fauncricoality
N 2.3 — - - % -
iz 18.& &720 YV 0.7
111 5.7 3810 I 1.3
1 24.8 1830 380> 1.3%
51.4

* Becavse of suzil sawpie sfze oo avalysis
could be obzained.

In attempis to isprove polyser recovery, 100% (HCl13; was used
ax the lmitial solvent. Fligure Z/depicts the elution profile wsimg 1001
QiCl; snd subsequently 95/5 CHCl,/(H3(H,0E. Although polymer recovery
was somewhst improwed (68.82 ws gl. ) separstion efficiency was adwersely
affected. Fractior 1 (33X) was 2 wixture of oo, momo~ and difunctional
polymer. Fraction II wvas a wmixture of mowo- and difomctional polyser and
Fraction 11l was difumctional. EResuits of fractiomation 347-146 are
sumpsrized delow.

icenrificatdon: &47-146

Silfca gel/polymer ratio: 10041
Total polywer charged: 1.338 g
Yoral polymer recowery: 68.57

Equivalent Veight

Fractiom We 1 (Grasm /Mole of OOCH) (Ma)o Pomctiomality
X 33.0 6200 5300 0.85
Ix 21.2 2380 3800 1.60
1 14.6 2000 4100 2.05
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Figure 25. (Concentration dependence of nuber average molecular
weight by VPO for COCH-Yelagen, lot 126, by ¥YPO im
chloroform atr 37°C.




A2 BRI

Tidhy

T1e¥ waite wod; wapInge sepadew £q 971 10]

/001 » 61ivs mshind/(a% woyyyw

‘ublwpes-pom dop erjjoid uoyingy gy eantgy
W ONIEINNTOA NOILNTS
609¢ D0ZE 0082 coP2 0002 0091 0021 o8 00% 0
136) 7 P ol e —— 1 0
m N I\ / / - ot
™ | _ '\ |
i !
- _ | - 02
M v’ | _ | 0¢
p= ) “ — “ - _M
: _ | ‘ ﬁ
- o A b oy ih ~ B || =} ~f s - 0¥ 3
: _
- _ W } “ - 0% m
| _ b 1o ®
| 3
po- L Oh W
09/0¢
- - 08 ‘
2/86 -
= 6'€/6'98 0v/09 06 m
[
won3Sus %1 %120 wot oot m
) ©19M0 vas
02/08 d ot
- 1040 %001
" €9H) -4 021
W/s6 ruu %M
i i i L | i 1 |




17001 = oy3w1 1ewijod red wogrge
Hont-gwn runy crel waprie wosg uopInte oajadesw Aq 9zy 101 ‘ueBwrei-uonn o) ejjjoad doringy oy sanlyy

W NI “IANTCA NOILNT3

002c i A Gove 0002 0091 002l o0s8 00v

0

0
]
oz

3 HOCHIEHY e 002
19HD %66 €19H) %001

£




- 31 -

2. Fumctionalivy and Fuscticnalirr Diztributionm
Measurements of lockeidyze's P-CISiFZ Prepolymer

Aot 15 grems of Eocketdvne's P-GCIDEFE prepolymer, lot Z3i-68
weye received for fumcrtiomalivy distribution measurements. P-GDAFE ia
a sitro-fluworo prepolymer .aving hedroxy-fomcricaal groops. Osly oo lot
{ET]-£2) was chpracierized ow tnis srograe.

i. Fucctionality Imtermination

Equivalent weight determinarions «f P-CUNFE, ic: EI{-6K were
sode {n duplicate by reaction of the prepolywer with toieewe mlifonyl
EBOTyBinit 28 CRICA Il SOIDLIan. S GPFRCHL ReMCion plof K& O @ —sowr o
vith sxcess olecaraniiveyi {socyanzte as moaitored by IR “; shown
in Figure 23 The reaction is esseatially compleze after ™~ hours at ambient
teaperatore. Excellemt reproducilhilicvy was obiained as siown by the
following eguivalent weight detervinations:

Zquivalent Veight
{(Crams/Mole of OH)

1283
1264

Average: 1299

¥olecnisr veight measurements of P-CINEF Lot EII-S8 were obtaised
by Y90 ia chicrofora at 37°C. As shown in Figure 29 this polymer eshibics
caly a slight copcestration depewdence of apparet molecnlsr weight.
The extraspolated molecular weight is (Mr), = 20 vhich is iz excellient
agreeneat vith the data reported by Rocketdyne “Ha = 2794). Based
oz these messurements the calculared functiomr -ity is:

2800
f-lm-Z-IT

These data suggest the presence ¢f coupoments haviag greater
thes eifunctiomality.
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APPARENT Rin

{
i
i
3000 _—
: i

2000 ¥~

-IM-"MJ" e m—-—mwwlimow»n S o e, - rs

Figwe 29, CONCENTRATION DEPENDE

LOT E11-68, CHE

30 10

n
<

NCE OF mUNBER AVEF AGE
»

FOR ROICKETOYNE S P-GOMFE,

OROF

ORM AY 37°C gv ¥PQ.

2. Pamerioo 2182y Dioee aturios k;‘menau

The itactlmum: of Piezclywers fnen thefr fmactional Cwpoaents
by eluefm: d.rastq,:rqhy B activated silfc, fe. has been tXtendnl co
the P-Cogps. The: development of 2 Juitable sotvent *Tstem {e the ey
factor whig. det rrutings S = Sificietcy of Separation by functiona.uty-

of CIzClziGJG. These studieg indicated rhar this prepulymer i, ‘ery

As shown ig Figuve S cialorofm
iz the pat to fraceiomate
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iz subsequent tmird fr -wticoacicz, one €iutico sihedule was
further vodified By eliminating 3¢ (7em? composition: <f +5 1, 3f. &, 5u:é
anc 31080 HpOll; (Hq0N. Imszead " ¢ acercnitrile zolent Y the solven:
BINTUTT Wa: sTepwise incressec fri S0°10 te 88 [ and fisalliv s 83 1T
THyliy ENL A3 @ vesals. ke ¢! tion profile was espanded as shown i
Figure 317. Tme iodivideal <uls =@ € reccwbined ipic six fvgott ws feor
aaiv3is. Fracticn I which accoarss for onliv S.3 oWt U ocouid -t ose
asaivred hecasse of samol ciration. The ecsivEiien? smeioxts 3f
Fraztimm Il tiromgh T rend of increasi : . Igntent
tiat was r:sered In ~i0%.
idesziflicarion « I-118
Silica gel. polrmes ratic: Sk L
T2t2]l solveer larged: L1.-0 g
Polvmer :a€wt€~s: 33,72
swuivaieny weight _
Fraezion wr. I cf total Srams Mele of 08} Mr)o Faocriona’ii
¥ IR
I 3.3
Il 1.0 1620 188 L.23
iis 2.9 1-9C it 1.3
Iv 2i.e Al 3R .
v 1ot 2228 3506 l.eh
¥l i8.° 11352 900 2.%2

L Y

» Wt

ST S S I

~ v
-
oa Sl
N o
. £ .
o
T

i

&
wn
.

~4
ya

funcriocnality daias on
tiz=:l componenis have Seen

wfTiciivnal ToRPoowsls Wi Cr

iower molacular weight components.

the ipdividua! fractions sacs

separated frou the [«tal polveer. Th

accrunt ol oGt L1215 We D osie alss
Separstion of di- and *rifunitiozal




somponent s was oot Tealized., Sowewer, based on the zoalvsis of the individual
fracticaz the approximate functiomalicy discribution of P-CDIFE, 1c- EII-68

is a5 fol lows:

e [2-1%wt & momefumctional {(inciuding a2 small fraccion of

mafuncticonal material)
® 455 we X 2ifcectional
® 3580 wr T rrifurcticmal

This functiomality distribution is omly representative of lot
E1I-68 ard may not reflect the typical distribation of P-GDEFE prepolymer

inks.
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E. Tmxriosslity smd Femctiomality Dis-
tribut ice Neasurements of M's Pexr~
fluorosikylene Oxide Prepolymer (FCIP0X)

A ssmple of 3N's FC2202, lot 2, vas received from 4llephany

Bellistics Laboratory for cheracterization. The functicmalicy distributios
of this sew 3 prepolymer is of particelar interest sioce it reporcediy
differs significantiy ts fumcticaslicy from MW's old pizpolymer (RTPIY).
& ssmple of the old HYPPD prepolyser had previonsly been smaxlyzed by Essco (1)
wd foomd to bove s femctiomslity of 3.5. Pwmctiomslity distributiom -
srasurensols sdoved that the o jor compomeonts { >85 wt 1) were polyfunctional
(£ & 3).

1. Punctiomglity Deterwinstioe

Spuivelent veight mroswrementes of M’s PCI202 prepolyeer, lot 2
hive been carried cut by resctice of the prepolymer with toloemesalfomyl
isocyomate. Sizce the prepolymer is mot soleble in chloroforwm, our stamdard
solvent, 2 nev calibratiom was establisked iz Freom—215 (trichioropmien-
fleoropropene) - Figure 13 shaws the limear calibratioa plot relstimg
tolurmesul fouyl isocysaste sheordbance at 4.66 to vt 1 coacentratica of the
isocyumare imn Prece 215.

Bufwient weight ssaswreneats wvere mide iz dwplicate yielding
the folloviag valees:

Bguivalent Geight
(Crome Mole of ON)

1100
1120

Awersge 1110

This valwe is im good agreesent with dats repoxted by the 3 Conpamy (1090
grams fmole of CW).

Nolecular waight mansuremrats were dtsinsd by ¥¥0 in Freca—-215
at 37°C. The exrrapciated oClecaliar weight wes fouwsd to be (Wm), = 2306.
Besed ca these mpssureamnts the calculated femctiomaliry is:

2300

~ 1 - 207

f

D4 3. Meumber and B. E. Budson, "Fuactiosslity Determimetion of Nimdey
M epelymers™, Esso Resea-ch and Engioserimg Compeny, Sept. 1968, AFRM-
18232
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2. Fumctiowsliy, Disctributiom
Wiegsoremen i

To find 4 suitzhic solvent system for the fracticmstion of the FC2I0V
prepolyser ca silica gel we initiaiiy stuedied the system Treoam 1131 and mistures
of Preon 113 with disthyl ether. Prepolywer scolubilizy limirs the swsber
of pcier_iel solwwm? systemx. The abowe solwent systee bhas resalted im the
elurion profile showm in Figure M. Recovery was 95%. The eluted polvwer
wis recowbined into fowr me yor fractious for znelysis:

Ideptification: &7.-118
Silica gelipolymer ravic: 8471
Total polymer churged: 1.186 g
Polymer recowery: 95.31

Bguivalenr Weight
Fractic:  Wt. 1 of Totsl  (Crams/toie of (@) Q8}, Puescticeslicy

1 12.7 6040 2200 0.3

I 40.2 1949 3100 2.05

m 19.1 860 1800 .09

v 2.3 620 1300 2.1
95.31

Mz .ysis of the individual fracticas stows that the sow- aad
acnofuwsciional cuntent is sbout 12-13 wtr I, the remsimder being difwmcziomas.

One addiricanl fractiomstionm of FC2202, lor 2, has beem carried cwt
om activated silica gel csing Freom 113 samd wmixtuves of Freom 113 and
scetmitrile as the eluting zolvent (sez Figure 35). Fractima-ios has
agnin yielded fractices of imcreasing hydro.y! comtent. Bowewer, caly 691
cf the polywrr charpgad ses eluted from the colum. Three me jor fractiowms
werte isoletea for emalysis:

fdemtification: 4&471-113
Silics gel/fpuliymer ratio: &0/
Totsl .olymer charged: 1.7% g
Poiymer recowvery: 6911

Equives lenr Ueight

Pract Lom Wr. % of Total {Gxams fole > OK)
1 3.4 18,000
84 7.3 2,900
1334 8.5 380
&)

Fraceiom | wlhich scomants for 3.4 wt. L of the tozal polymer is
essent lally nowfunctional. Bessed o he saalysis 0 the txo fractiomations
{471-133 and 471-113) the nonfunciiosal comtest ix about 351 and the momo-
‘amctiomal grepolymes comrens is 7-9Y.
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F. Eiffec: of Prepolvaery Fuaactiovalicy
on Mechamical Properties of BT-Telagem Cumstocks

The abilicy to deverwmine the fumctionality distvibotiow of
prepoiveers 4md To sepayate prepolveers Inlo ma—, sono—- and difasctiosal
components has opened up new areas of binder studies. The followiag sectioms
deal with the mechsnical propeviies cof gamstocks prepared from 2 parely
difuncrional polybutadicne prepolymsr amd compare these properties o
gmmstocks from "38 received” prepolveer. Also (he relazionship between
wechanizal properties aond moaofuwmctional prepolymer coanteat has besn
exploved.

1. ¥echamical Properties of Gumstocks
Frepazed from Pare Difumctiona]l HY-Yelagen
ard "As Recelved” HI-Telsgew

Gums tocks have been prepared trom the pure difvoctiom] BEI-Telagen
prepoiyner previcusly isclated by silica gel chrosstography {(see Sectiom B-Z.3)
and compared to gussrtocks prepared from “is Recefved”™ EY-Teiasgem, lot 242 &M
X92/31% ANE. Three f{socvanste cure systems were evalvated represecting cme
arcamtic mnd twe aliphatic dilsocvamates. In all cases, trifsocvanutes were
used as cromslizkers:

o 2,4-Tolviene diisocvanate/tripheny] methane trifiscCyamate
o Hexamethylene diisocyanate/ivipheny! mechsee triisocyamece
e DLI/tripheny]l dimezhylene trifsccyanate

The diisocvanates, except Gemeral Miils' DOI, were distilled prior
to use. The Two Iriisocyanates, rripheey! aerhawe triisocyamate and trfjbemyl
dimethyleee triisocyanste, were purified by precipitation and subsegoent
vacuvas distiliation (1). ALl gumstocks were presared at sioichicmetyic (171
BU0OR ratio aod cured at 13Q"F for sween davs. Dafaxial temsile—strain
properties were measured at I inches/misste crosshead speed using

ol cro—dumbbeiis.

Mrchanical property meassroments were made st three tenperalutes:
4% 75 ard 180°F. Data for the pure difumctiomal gomsvocks and gum-
stocks prepared from "M Received” HI-Telagen prepclywer are tobaulated in
Tables II through VII and grashically preceated iz Figures 3¢ throegh 47,

Figwres 3 through 38 show ¢ effect of difrriisocyemate rat o
o6 (e oeximme stress f 8 Tpure fiiu cliomal” NT-Telagee gumsiock as
compared to HY-Telagen as received. A, ‘“rvee cure sysfemr show the saow
HMrecUiooal effsct:

® LCusstoecks prepared from pure difuscricosl 87-Telages extibic
sigatficanely bhigher wmaximee 32ress lpweln thes thowe prepared
from E-Telsgen &8 received.

4. Hower | et &l tvatustion of Juring

.
Bersaar o el fapinesr ing Cospany skl Bepory , Maroh 194




The pure Hifwmctional gumstocks and gusktocks prepared frixe as
received” FT-Telasgen show essenzially 2 parsiiel dependence

of wmaxiwme siress ou Iriisocvanate level excepy at -H37F for
the TRITTI and &OI/TTY cure sTeiess.

The differeoce in maxisos seress level fTor the Mifmmortionsl™
30 “a% received” gumstocks is wost provcunced for the TDIO TP
cure systes (Figure 36%.

Becavse of the higher maximwm stresz level of gume tocks prepared
from pure difun~tionmal prepolvmer the crosslisker leve. cac be
sigoificantly reduced to 0¥ equivalenr friisocranate or even
lowpay

The effect of di-/triisocranate ratioc oo the strain leve. at

BAximam STEens is depicred In FIigures 3% throuagn al:

In eack case the strain values of the pure “difuwsctional’
gaastock sve displaced tu the lefr (towards lower triisocvanate
levels).

Ar cowmpavable trilisocyanste levels the “pure difunctiopal™ guastixk
exhibits lower max.smwm stryain lewels. In practice this implies
that the pure difcmrtional gmmstock will require lower triiscocranarce
lavels. Becazese of the mvseofuncricoal comtent of the HY-Velagern
az received” the latier gumatock will exhibit lower crosslink
der=iry 2ud hence higher strain levels thanm the pure difunctional
gwmtock st ideutical triisocyzmate levels.

The thiee (cre systems show essentially the same Jdepeadeace of
straiec at ssximm stress ou triisocvanate level.

&t —65°F the cependence of strais at maxissm stress om tri-
igsocyanute jevel is iess proaweseced ws ich reflecets the {ncreased
st1ffoess of cthe backbone a2t this low temperature.

Figures 42 through 44 show that the pure difunctional HT-Yelageo
exbhiibic signlficantly higher imitisl woduii:

The gumstock employiog 2 total aromaric core system (YOI THMY}
{see Figure 42) sbows agein the most drsmatic effece.

The vo alipheatic dilsocyapare chain-extended gusmiocks show
cagent 1ally the sase sependence o ITiilsocyanate level.

At ~55%"F ali three "difvecticeal” gumstocks show only a sligh:
degendence of infgial modulus om trifsouyanare lewel at the
level of imterest to propeliasnts {5 to SOl eguivalest tri-
fscyamatel .




® Also tihe d.¥fersuce in initial moduli Detween the "difusmcrionel”
EEmstock ar 1 Tas received” gumstocs dimfunishes &% (he lemperaturs
is decreassd.

¢ Ic d>hrain [ow inirial moduii io gumsrocks whem Lsing a pure
difuncriomi ! prepolvmer, trilsocvanate levels Welow 10

equivalent 1 are indicred.

Figures 43 hArough 7 compare rhe Shoze ‘AT haroness waluwes U

- R A

J53TF for the pure Taicwmctlional” HI-Telsgen with tvhose thunfised Trom 3
Telagen "as rec=2ived” At comparabie triisocyamate levels {he pure difuncsional
gums tocn exhibics conristeantly significantly . gher harimiss. This
obviously reflccets th- higher crossliok depsitr of the pure difuncriomal
gumsiock. The differ mces in Shore "A7 hardnmess are most promouwmced for
the 2 s~rolviene diis <«vanate/tripheny]l mecthane triiscovarats cured
gawstocks {sce Figure 33}, A cosparison of Figures 36 ansd +7 shows

that the alipatic di sccrvanate cure systems (BDY and DOIY give essenziallv
identical hardmess v2 uwes at comparabie triisocvanate ievelis. The
aromaric diizocyamate (TDI, Figure 43), resules ir higher hardoess

valoes than cure svstws espleviag aliphatic diisocvanates.
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SHORE "A" HARDNESS

AS L] 3 ¥ ¥ [ ¥ i ¥ L B H
e
—

‘ "AS RECEIVED"
30 HT-TELAGEN 4
25 o ® d
20 - -
"

15 -
10 -
5 —

5 i [ i i : i i i i i

10 20 30 40 50 & 70 80 90 10 110
% FQIRVALENT TRINSOCYARATE
Figeee 45 . SHORE "A" HARDRESS OF GUMSTOCKS PREPARED FROW

PURE DIFUNCTIORAL HY-TELAGEW AND HT-TELAGER "AS

RECEIVED".

DEPERDE NCE OF SHORE "A" HARDRESS OW

TRISOCYARATE LEVEL AY 75°F.. CURE SYSTEM: 2,4-
TOLYLENE DESOCYANATE/TRIPHENY], MLTHANE TRY-

iSOCYARATE .

st




SHORE “A" HARDNESS
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PURE DEFUNC TIORAL
HT-TELAGER

&
T
|

S5

*AS RECEIVED"

35 HT-TELAGEN —
30 -
25 -
20 -
15 =
10 -
5} ~

i i i X | { ) § | A i L

i
160 20 30 40 S0 60 70 80 90 100 110
% EQUIVALENT TRUSOCYARATE

Figwe <. SHORE A" HARDNESS OF GUMSTOCKS PREPARED FROM
PJIRE DIFURCTIONAL HT-TELAGEN ARD HT-TELAGER "AS
RECEIVED". DEPEMDENCE OF SHORE "A° HARDMESS OM
TRRSOCYAMAYE LEVEL AT 75°F.. CURE SYSTEM:

HE XAME THYLERE DHSOCYAMATE /T REPHENYL ME THAKE
TRISGCYAMATE .




SHORE "A" HARDNESS
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Fige 7. SHORE "A” HARDHESS OF GUSISTOCKS PREPARED FROM

PURE DIFUNCTIONAL HT-TELAGER AMD MT-TELAGEM “AS
RECCIVED”. DEPENDENCE OF SHORE “A" hARDNESS ON
TRISSOCYARATE LEVEL AT 79°F.. CURE SYSTEWR: OOt/
TRIPHENYL DIME THYLERE TRESOCYANATE




1

Do Effect of Wencfuwnctionsl Frepolvmer

Lompronents oo the Mechanical F ooperties
i El-Telager Gumstocks

o~

in the precedinmg section the nechanical properties of gumstocks
prevared from pure difunctional Hi-Telagen were compared to gumstocks pre-
pared from Tas receiwed” 8T-Telagen prepoirmer. In order to arvive at a
gquantirative correla~ion of the efiect of moncfvmcrtional prepolvmer components
on gymstock mechanical properties we have added comtrcliled ~mounts of mono-
funciicnal BP-poirvbutadiene 1o the pure difumctiosal AT-Telagen. YMooofuncriomal
prepolevme was added o incremenys of 4.5, 9, 18, z2nd 27 mole I respectively.

Tae soonofunctional prepolvaer used in these studies had deen
i.rlated fyom the totzl HI-Telagen by silica gel chromastographyr {(see
Section B-2.3). MNrlecular weight and eguivalent weight analwsis vielded
Jhe following functionmalitw:

P =i S0, g
Ey. W2 8100 )

Two cure systems were emploved repres nting &r a—cwmmtic diisocvanare
(2.4~tolyicene diisocyanate; and -2 aliphatic diiscocvanate {Gensial Mills’
DDIY. In eack curative system a ttijisocyanaste cressiioker vas used (tri-
phenyimerhane triisocranate and triphenyl Jdimethvieme triisocranate
respective.3l. IThe di-/triisocyanate ratio vas kept constant at 9/1. MNechanmica!l
Properey measurements were 2ade 2t thres temperatures. The results zre
tabuliated in fables VIII gno IX and graphidmily represented fin Figures 48
through 51.

The additior of monofunctiomil preprlymer to the difumctional pre-
rolymer reduces the warimmm siress iewel ar @ givem di-/triisocyanate ratic.
Figure 48 shows quancitatiwvely the effect of mole I acoofunctiooal prepclvmer
level vr the maximm stress level for Twe cure sestews:

e The perectage drcrease 1D saximem Scvess leve!l Lo similarl at
all three tewmperatoeres.

o The Jdecrease 10 maximem sIvess upcs additiom of the first 5 ro
i mcie anofunctional poFne {3 more severe for the alipharic
divsocranate {(DDI) chain-extended gummstoch .

e The aromatic diisocvacdate (TDI} chain-extented gumstscks exhiibit
higher maxivme s._vess levels ar all femperature le sls at comparable
roecfunctional polymer lewvels.

The add’ticn of somofuncticona: prepolvmer reduwes the cross ine
deusily of che guwmsrocs at a given di- iriisocvanate curative ratis and
SonSeyuenl iy incye=ased he Strain 2t waximus stress. This effect is graphicallw

Figure % The increase in the maximem strain level :s similar at
temperatures exceprt for rhe TUIVTII curative svslew at 75°F whion
initial sharp inkrease 1o maximes sfrain level with momacf.unc?ional
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The zifect of wmenofunciional prepoliymer comtest oo tho ismitisl}
modulos at three tesperatures is shosm in Figore . The comclosions that
cag be drawn from these ata can be svemarized as foliows:

e The initial modulus dec-ense. with izcrease in mooofwsctiosnal
prepolymer coatent .

® The decrease iz most sigrnificant uvpon additiom of the first S we
i0 mole 1 of mwwfunctional polyvmer, thes levels off.

e As expecred, the iritial scdulus increxses with decrease in
temperatwse showing ooly minor ~bapges at temperstures between
7S°F amt 1BC°F bdut a3 wore significant chasge detween 75°F ~ad
~-&5°F

e The two curative systems show parailel behavior. Eoeewver, the
aromatic (YDI) chain extended gumstock has a higher inftisl sodules
art all cthroe temperatures and at coxparable sooofoncticsal
polymer leeels.

Figure 51 shows an ossesrially lisear deocrease im Rbove "A” hardaess
at 73°F with increase in womofun<tiowal prepolvmer cootent. The twy cure
svscems shou 8 similar belavior. Ecwwver, the arasstic diisocyanste chain
cxtended polymer shows clearly a higher Shore A hardness at comparable mooo-
funcrional prepolymers levels as compared o the carrespondiog aliph.ric
diisocyanate extended system. For fostaoce, the gramstock, owred with a
9/1 TDI/TTI curatiwe systee in the presence of about 17 wmole I wmoeofapctiomal
polvmer has essertially the same hardmess a3 a 9/1 DDI/TPDMY cxred yumstock
contaicing oo moao: mctional prepslymer. These data comfirm simdlar stoedies
ot a relaved program (1) wvhich hewe ghown that arometic difisocyramates have
consisteatly resculted a gumastacks of grealer hardoess.

(1) A. H. Muenker, (. A, Rowe et al., Fsso Resesrch and ingloeering Cowpany,
TSenthwsis sod Evaleatficon of Curisg Agents™, Anssal Techrical Report,
AFRPL-TR-69-13%, March 1969.
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Figure 51 EFFECT OF MOROFUNCTIONMAL PREPOLYMER CONTENT ON
SHORE "A° HARDNESS OF A HYDROXY-FUSICTIONAL POLY-
BUTADIENE PREPOLYMEIR (HT-TELAGEY) AY 75°F. CURE
SYSTEM: {OPONTS) = 971 2,4-TOLYLENE DISOCYARATE/
TRIPHERYL. METHANE TRASOCYANATE; (SPOBTYS! = 9/1
DO/ TRIPHENYL DIMETHYLENE TRUSOCYAMATE.
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Functiomality amd fusctiomality distribution seaswements have
Seez carried ou: om six diifereat polybutadiese prepolymers costaisfisug
avéroxy or cardoxy fupctionality which are cugrestly of iaterest to the
Air Force. The specific prepsivmers aze: Simclair's Poly 3D R43M
& R-25%, hviroxy-fumtional beutsdiem: womspolymers prepared by free
raiical polyserizatios and Ceoeral Yire’s Yelagoem prepolyner series,
srepared By amioeic polvwmerizatios. Yhe Telages prepolymer series comprises
e following poliweers: the Of-Telages (aomisal Me=5000) and its low
mlecuwlar weigtt Mo=200G), saturated cowsterpari . Of-Telagen-S, and the
corTespondiag carboxy-fuactioesl ssalogues, COUR-Telages and (DOE-Te lagee-S.

Xusbe r average molec:lar weight acasarememts of three differest
cts o toe E-e3M prepolymer showed little patch to barch wvarfatiom.
GROIIOGALIIY SLSIriduliic measuTemenis werte obtaimed by elutiom chromsto-
ETapLyY o xIlvaled silica ptl. Tee difunctional cooteat was foumd to
IV AFPTONIRLTELY 4l o 43 Wt L with a noxisal molecmlar weight of 00, the
remainder {85-&5 w:i 1) Seine rif.aciicoal wilkh a4 momical wolercular weight

¥ IOX . AL wur 1218 DI the k-wiM tave coasistently seowa this
ST e vI fLnIllisasilv oo molecslar werght. The functiocalicw
L) ....-...“73 CHIRAVE SO0 Al L leclassifiosd
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13. Abstract {Cont'd)

distridutianof the 2-15M was found to be siailasr to thar of the R-45M,
coztaining more than 50 wt I triol. In coatrast to Sisclair’s B-45M and
#1154 prepolymers vhich are composed of di- aad trifwsctiounsl cuaponesnts,
the Telagen prepolymers ccatain noo-, mono- and difunctiomal prepolymers.
Toe toial poo- and monofunctionmal contemt of the fowr Telagen prepolymers
wnick were analyzed varied fram 24 to X wt X, the dalk of vhich is

aoeolivmctional .

» samp.e of Rocketdvne's P-CUMFE prvpolywer, lot EXI-68, vas
naracterized witi respect to fuartiocsality distributios amd found 0 comtadm
«2 T3 132 monofunciionai, 43 to 30 difunctiomal amd 35 to 401 trifumcticaal
Frepolyner. Fyvnctiomality distribution mezsurements of M's asw perflevoro-
a.«xy.ene oxide prepolymer, FC2202 showed the ypresence of 352 sosfenctiomal

aas 7-9% monofunctional prepolymer, the reasisder beisg difunctiomal .

Yechanicali properties of a guastock prepared from 2 pure difumctionsi
~o-2olybulaciene prepolymer have been obtaimed oser s temperatwre rasge of
-¢5°F 2o 180°F. The effect of womofumctiomal prepclymer couteat om gmmstock
prizerties has been gaanritatiwvely defised.
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